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(54) SelMnduction-type stroke sensor 

(57) A sensor member (4) has one end supported in 
a cantilever fashton adjacent a predetermined end of a 
body (2) and has the other end extending into a space 
of the body, and includes a plurality of coil segments (LA 
- LB) that are excitable in a same phase by a predeter- 
mined A.C. signal and sequentially arranged along a 
direction of movement of a movable member (3). The 
movable member (3) has an inner space (5) to permit 
entry of the sensor member (4) into the movable mem- 
ber (3). Inner peripheral wall of the movable member 
defining the inner space includes a magnetism-respon- 



sive substance (11). Relative positions of the magnet- 
ism-responsive substance (11) and the coil segments 
(LA - LB) vary with a stroke position of the movable 
member (3). in response to which respective inductance 
of the coil segments are caused to vary in such a man- 
ner that during movement of the magnetism-responsive 
substance (11) from one end to the other of a particular 
one of the coil segments, a voltage across the particular 
coil segment is caused to progressively decrease or 
increase. 
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Description 



,001, P^eo. invenuon ...es .e„e^. .o ^ rr*o?aC^^^^ 

pressure cylinder or a spool position of a spooi ''^''^l^^^J^™ conductor movable relative to the coil sec 

secuon to be excited by an A.C. signal and a magnet c s"^*^^^^™ ^^t uses only priman; colls 

::irby^a':x=r^^^^^^^^ 

a plurality of phases in response to a stroke POS*io" ^ be deterted. ^^^^^ ^ ^ 

loSo2] Hitherto, there have been lc,,c«n ™ 
0 a stroke position in a ^^-^"J^^^^J'^ocZ are kn^n for example, from Japanese Utility Model Publ,«i- 
position detector apparatus using «tectromagn^.c co. s are W^^^^ cylinder position detector apparatus, raised and 
Z NO. HEI-2.26003. in each 0. such '^^.^'^^^^^^^ 

recessed portions or a pattern of '"-9-''""'',«'^"=^, ^rn ro" surface having «.e raised and recessed port,ons or 
rod. and then a given protective coafng .s ^^^^^^^J^ Specifically, the known apparatus are based on a 
,5 pattern of magnetic substance or elec^ic ''^^^.^■iXco^ are exited by plural-phase A.C. signals 
phase-shift-type position ''^'^'^''^^•'^^''J'Xm ^Jl^na^ induced on secondary coils ^ me prt- 
(e.g.. sincot and cosat ) shifted from each oUier in « output signal such Uiat an electric phase difference. 

Lry coils a., synthesized together to produce ^ ''"f^;«„'^3"^7,^^^^^^^^^ 3 position of ttte p«ton to be detected, 
from the exciting A.C. signals, of output signals from second^^^^^^^ P^^^ ^ p^,^ 3„rt,ce 

„ 10003] Witt, the conventional '^''^'^"''^''^ ^''^''J^^^Zt^^r^ o, electric conductor, however, manu- 
Ued to have raised and recessed portions ^"^'^^^J^^^^^^ Furtt.er, in this case, each piston 

facturing and processing of the piston rod '^^-V "T^^^,™ ^™ Z tttese reasons, a same position detector appa- 
rod must be manufactured and processed »" "t*"™^*^ Further, even with U,e processed piston rod 
ratus can not be applied to cylinders of ^""fj^'^^*"' "^^^^^^^ off, after several years' use, due to sliding wear 

„ having undergone the given coating would lead to poor durability of ttie piston rod 

caused by repeated reciprocative movement of the ^^^^"^■'^.^^^fgn-we cylinder position detector apparatus. 
(00041 TO avoki tt,e disadvantages of the ^ «3-"Pl-. 

L more sophisticated cylinder stroke posmon dete^^^^^^^^^ 

Laid-open Publication No. HEl 1l>153203Jhe proposed cylinder s P ^ ^^^^^.^^ ^^^icular 

00 that the piston rod has an .^^i!^^" be eZa^d and ^ 

rrT;:rrr:,rp"^"r^^^^ - - -"^ -^-^ 

35 coils,' and »e coll structure has mu* room 1^''°^^!;^^^ ^nsor employed in the conventional q,lin- 
[OOOS] Namely, because the cc,l structure of "'^ ^^.^ coils, tt.e necessary number of the 

ier stroke position detector apparatus requires both '™ be encountered in reduc- 

component parts in me aPPa-tus signM .^^^^^^^ , position detector of a type «,at is 
,„g the manufacturing cost and s« of ^^^^'^^^2 reduce tt,e necessary number of ttie coils; how»er 

40 designed to measure self-inductance of the and ^^^^^ ^^,^^<^ can be 

a phase variation amount corresponding '° ^^P'^-r/^^^^^^^^^^ presents the problems Uiat ttte -"oasurenter* 

rrrvat:n%z:rnrrdi^"^^^^^^^^ 

« ^rr!.T.ere.re an cbje. - -^^^^^^ 

compact in size and simple in structure. f^'^'^^J^^Zll-^ very minute. 
. detection even when displacement of an obie« » be de^^^^ « «ry m 

[0007] in order to accomplish the above-mentioned ob^ic*. the p^^^^^ ^ 

or J detecting a stroke posit»n of a "^'^^^^^^^ZTS^-Z^ <" a cantilever fashion adiacent a pr^ 
„ in M,e main body, whteh comprises: a sensor mern^^^^^^^^^^ 

determined end of the main body and having an°^J«; -.^ tt,e movable member; a coil section 

ber having an inner space lbm.ed therein opern^tenti^om^^^^ 

having a pluraBty of coil segments excitable a ^'^^'^^''^l^^ one of tiie sensor member and an inner 
of linear movement of U>e movable member '^'^'^^^^l^^Z^^ .magnetism-responsive substance provided on 
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,esponse.wNc..espec«v,,„<.uc.nceo,U.e™^^^^^^ 
„,nlofmen,agn,tisrn.respons-^subsm™eftom 

age aaoss the particular coil segment .s caused to ""^'^^"^l „uid^,ressure cyBnder. the above- 

,00081 in the case where the present invention .s ^PP''^^/"^'^„'^^^r„^^^^ member corresponds to the 
mentLd "body corresponds to the cylinder bod, and '^"^'^'-^^^feshion, adjacent a predetermined 
piston rod. ,n this case, the sensor ""^^^ '^^^^^^'^J^'I'space of the cylinder body. Further, the piston 
end of the cylinder body in such a way that «s other "f "^^^^ , entry of the sensor member into 

and piston rod, i.e. ,he movable member. ^^.«;;^';'''^^^^^Z^elp.^"^ Uk).>pen Publication Na HB 
me movable member. Such a stnicture » such as simplilicaHon enhanced 

10-153203 discussed above, which, as <'~<T^f h^^^^^^^^^ stroke position detecUon is effected by detert- 

durability. compacmess and wider appl.cat,ons of*e b^^^^^^^ P^^^ magnelism-responswe sub- 

ing. in accordance with the induction "'""'f^'-'^'^^^^Z ^^ basis of output voltages corresponding to 
,^nce provided for relative ^''"'^"'""^"^^^^l^;^; Z^^se to changing relative pos«ions of the co- 
inductance variations of the i"<^~«'"^Xre J^'^^^ ^™ »^ P««"' '^'^ ' ' 
section and magnetism-responsrve "^^^^^^ -movable member" corresponds to the spool. 

«on detector apparatus, on the other *"''^^r»esenso7Lmber, in which case the magnetlsm-respons«e 
10009] AS an example, the coil section is provided °" ""f °' "^^^^^ defining the inner space. If the material of 
Lbstince is provided on the inner peripheral ,^ 0^^^^^^^^^ 

U» movable member rtselfcomposesapredetermnedr^^^^^^^ P magnetism^esponsive sub- 

, of the movable member defining the inner 'P/^'^l^^'^^l^^l^>>ism^f<>"^^ substance other than the 
stance, which therefore can eliminate a need for 9 ^i^^™* „„, comprise a predetermined magnetism- 
Ler peripheral wall. Incase the "material of the movabe member tee^f^^^^^^^ ^ ^^^^ 

responsive substance, such a P'«<'«'»""'"«',TS'^";^^^^^^^ the coil section may be provided on 

inner peripheral wall of U.e movable member detin^^ *^^^^^^^ 
5 tt>einnerperiphe,alwallofthemovablei^mberdefim^ 
netism-responsive substance may be prodded on, he^^^^^^ 

coil section and the magnetism-responsive ^„'37„„prisea at least one of a magnetic material and an 

[0010] Typically, ttiernagnetism-responsiveubs^n^ may ^ 

electric conductor. In the case where the "'9"«'f "17;^'^X„y rn^ofttte coil segments, the self-inductance of the 
„ netism-responsive substance moves closer to °' ^7/' '"^^^^^^ ends of) the coil segment increases pn,- 

coil segment increases, and thus the voltage acmssO^^^^ 

gressively during displacement of the tip of ttie '™9~''=^;f'P°riraL the displacement direction of the movable 
Here, because the pluralrty of coil ^^^'"^"f^ (or progressWely decreasing) variations ,n 

member fl^at is the object of ttie position <«<f "j ^"^^^^^ magnetism-responsive substance moves rel- 

35 the respective voteges of the coil segmems will detected. Using combinations of the pn^res- 

at,velothec»a section inresponse to the displa^^^^^^^^^^^^ between-terminal voltages of the coil 

shrely increasing (or progressT/ely decreasing) '^"'^"^'"'Vl.J^,^^^^^ 
segrJIents while regarding the voyage ^riationsasvana^^^^^^^ 

mere can be produced a plurality of A.C. '^^^''^^^^ei. Namely, the plurality of A.C. output signals 
« teristics in accordance with the stroke P°»'*°";' ,„ accordance witti the stroke position of the 
presenting amplitudes of predetermined j^^^^^^J^^^^"^^^^^ 

« i:iir-— "rog':rei^^^^^^ 

^ Ihteh takes place during the movement of the 9"~^o^.'^'X o^^^^^^ f""^""- P^^^^'^'^: 
segment, can be likened to a functional value ' deaeasing from a predetermined level, 

in 'easing variation curve can be converted » » ^^^"'^"Xs 3ndT^^^^^^^^ i"''^"^'' ^'^P'""''* ^'"^ f " 
by inverting the amplitude values to correspondu^g ''^'^^'^^^Jj^ I progressively-decreasing variation 

» voltage shift operation to add thereto predetermined ,^0' range ottha sine function. Thus, by 

* curve^anbeliKened,fbrexample,toa.unctione^v^^^^^^^^^^ 

pertwming appropriate addition and/or '"'''^'i"" f^''"^*"^^^^^ occurring in serially-arranged four coil seg- 
shrely-inoeasing variations of the between-terminal voltages sefl"«""™^ ^..^q. „„e, go-- 180' range, 180°- 270" 
Zl c^n be likened respectively to functional ^^^l* Irves in U,e individual ranges and volt- 

rsroZ-i^::-e-o^^^^ 
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n,nCion characteristics which is shifted m phase "^"^^ ^ ^ presenting amplitudes of the 

[00121 AS a preferred implementation, there may po' luon of the object to be detected. Gen- 

'^e and cosine .uncuon Characteristics. respecb«V^^^^^^^^^ 

erally speaking, if (he position of the object to be J.si„e^n»t while the A.C. output s,gnal of the 

tude presenting the sine funcBon <=f'^'^««f ^^^"eTpresented by -cosBsinrot These signals are s,m,lar 
amplde presenting the cosine function <'^^'^'"f'^,^J'^^^^ commonhr called Tesolvers- and can be used 

n fet^to output Signals from conventional ^^^^^^Z ^^^'^'^^''^'''^ 1T.^ 
extremely usefully For example, the present '^f,„'"!"" ^ 

:She plurality of A.C. output signals genera.^^^^^^^ 

relation between the amplitude values ^'^^'^^^Vgenera^ata indicative cf «.e posiUon of the movable member 

rd^^^rorb-rrd^^^^^^^^^^^ 

0013r m*e case where the magne.ism.espons,ve m^^^^^^ 

Se self-inductance of the coil segments one of «>e coil segments, a voltage across me 

netism-responslve substance from one end to tt,e o«w^ a part^^ ^^^^^ ^^^^^^ '"'^ttS 

particular coil segment is caused to '^'^^^^'^^^Z^^^.gc.We substance may be provided « a ^bnd 
the same manner as the above-descnbed case. y^ T^^f^'^^ 
'^pe which comprisesacombinauonof the m^^^^^^^^^ 

manent magnet may be used as the 3"/ magnetism-responsive substance, approaches any 

core, in su<*.acase, as the permanent magnet, fun^orangasmemag^ 

rneof.hecoilsegments,aportionofU.emagnet„»^^^^^ 

saturated or supersaturated, which '^^'"^ ^^^^J^^^^' ^ permanent magnet, from one end to the other of 
during displacement of the magnetsm-responswe substance, 

the coil segment. ,^.h in the above-mentioned manner only requires primary coils ano can 

s 100141 Thus, the present invention arranged in the ^ove-me ^^^^ apparatus which is 

lliminate a need for ^condary coils, so that the ^^'TT^^ ZZ,^ in series atong the displacement 
wmpattand simple in structure. Further, the plurality »* ^^^^^^"^ ^ s^„ents. i.e. progressivety increasing 
^Softheob^tobedetected and^riauon^,^^^^^^^^^ ^^^^,3 „, ^ ^ aegments,^ur 

lor progressively decreasing) variations in *»/«''Pti"Lrmoves from one end to the other of any one of the coils. 

„ SgSer^^li y as the tip of the '-'^^"-'^'"■'^T:::^^^^^^^'-^''^ «ec 
Thus, by taking out the respect^e ^"^''^^^^^^^^^ » °f A.C. output signals that P^esen' ™spec- 
addition and/or subtraction thereof, '•^^/^'^.^f ™^^S«le.9. two A-C output signals that present resp^e 
tive amplitudes of predetermined cyclic function <='«'?'*'"»^^^^ ,„ ^ current position of the object to be detected 
amplituLofthe Sine and cosine func.k>ncharacten^^^^^^ 

35 thus, a wider available phase angle range can be provided by me p ^„ ^.^ 

responsive substance shown in Fig. i . t-ig. associated with the coil section: 

Fig. 4 is a schematic sectional view ^^'^^'"l^Z^^'^l^^ of the magnetism-responsive substance 

;hL"re=:=--^^^^^^^ 

rrrriagram Showing an elec.cc^»assc.a«dwi«,.h^ 

;;r/isexpianatoryofposi..nde.ec„ngo^.k.nofmesecondemb.imen.showninFig.5,whe«P^ 
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stance and a modified arrangement of the coils arrangement of the coils: and 

LaoylinderposiUon detector apparaU»,andmo«^^^^^^^ 

,or apparatus laker, along the axis of the '^'^^'.'^"^^'^^^'^^ ^ 'i^draulio or pneumatic type. As convenUonal^r 
tus of the present invention is applied may be of any tyPe^ l'^ '^^^, 3 ip^rted in the cylinder body 2 tor 
known, the cylinder apparatus 1 incudes a cy^ndjbody2^^^ 

linear movement or displacement relative to the cylinder t>ody Z. Note m 

related to the cylinder body 2 is omitted '"'^„,„__ber 41s supported at its one end, in a cantilever fashion 

, 10017] Within the cylinder body 2, an elongate ^'"T"'^'*^^'^;^^ another end extending into a space of 
Uacent a closed end 2a of th. cylinder ^^<^'J^'' ^^^XpTsto^^ 3 linearly moving bacK and forth in 

the cylinder body 2 toward an open end 2b „„nga,B sensor member 4. Thus, a given inner 

an V direction within the cylinder body ^ 7"=' ^^^^tnKrsensor m^^ 4. 

space 5 is formed in the piston memt^er 3 to P« ' ^^""^^^^ 3 ^ coil segments (In the illustrated «am- 

«, [00181 The sensor member 4 includes a coil ^^".•^-^1 nredetermined single-phase A.C. signal, and these 
1 Sir coil segments LA. LB, LC and '-°) Specifically, me coil 

coil segments are arranged in series along ''"^^rf^*™ ldTs wound on a bobbin section 6. and has outer 
section ,0 having the plurality of ^[^"^^^J^'^^l'^t^L,.^. tube (or coating or mold) 7J«««ugh 
periphery covered with a nonmagnehc or <«"^^^2i^ia\ it is prele-red that the tube 7 be a ihermally-conWcbve 
„ L protective tube 7 may be made of any Z segments lA. LB. LC and LD aro exited by the 

U.be made of an insulative resin because of '''l^^^^'^^^^,t^^,^.^^pa^,Bi coBs and may be fanned of 
predetermined single-phase A.C. signal they 7' l^iei at a plurafity of intermediate pos.t,ons .n 

I substanUally single coll as a w^°'- ^^^"J^'V^*^ ^^9^^^^^^^ ,e^i„als or tap, may be provided at ma inter- 

correspondence wim me coil segments ^.^^^}y^°c lD that are connected in series and excted by 
^ mediate positions to meraby prov de the co ^9r;^^'^;'tientUntion is not so limited, and me coil segments 
the predetermined single-phase A.C. J™/'^ and excited collectively by the predetermined 

',1 LB, LC and LD may be sep^te coils that ^ ^^f^^Z^ single phase AC. signal supp«ed via difl*r.nt 
slngle-phase A.C. signal or excited m ^"^J^^^^J^'Zm'<^ »' ""'"'"S ~" ^ ' ^l'^, f 

„ :redtT:srr.r:r"it^^^^^^ 
trr"re=:=r=^ 

netic rods 8, The rods 8 extend »'0"f »" '^"S* "f** ^^^^^^ ^^ch an inductance value along the en^re length 

impedance.alongmeentirelengmofme»ilse*on10^s^^^^^^^ 
« of the coil section 10 can be ^^anged as desrod W apP~l^a^^^^^^ „ ^ provide 

received within me bobbin secUon 6. ^'^'^^''^^'^f,^^' °' ^nductive coating helps to compensate temper- 

an electrically-conductive coating on its ^^"^''Xl . J^Z s^ 6 may be formed of any suitable metal or resin 

ature drift characterisUcs as will be 'a'^^''«^*^^•;^^'^,'^:„^^^^^^^^ 1 employing the inventive «nsor ^ppa- 

aslongasllisnonHnagnetic.However.inrasesj^^^^^^^^^ 
« ratus is applied to large construction machinery 0^ J'^'™' '"^^^ s,eel. to assure a sufficient mechanical 

hat me bobbin section 6 be formed of metal. ^j^XTjaTd^^^^ and opening me cylinder body 2 and 

strenam If a cap member 9 is provided at me '=yl'"''«.'^tf „„!, ,nd also such an arrangement is made as to permit 
Xhe cylinder body 2 in a gas-tight and IW^^^^^ 

insertion and removal of me sensor '^^''^^^'"'XJ^^ZZmL* can be performed wim great lacaity^Wires 
„ sensormember41ntothecylinderandma,ntenanceof^ 

r^rk-'c^i'^t^icrmr^^^^^^^^ 
is-'Tn^irttrerbre- 

55 Lc^lisprovidedcntheinnerperipheralwansurfaceofmeP^^^^^ 

me magnetism-responsive substance 11 «sh«jm«Fj^^^ ^^^^^^ ,^ ^ p,^ 

ire^irre\re;r:=mrrrChs.-^^^ 
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piston members teelf is aitowir^n^n aTthe k '"~'P«"P'»™'waBsu*ceofthe 

5 magnelism-responsive substanceT« ^0^0^ aZTc^^^^^ " "^"""3 a separate 

nelic material such as stainless steel th"n a s'^e STn^fl °" ^ """" " »' ^ ™"™g- 

the inner peripheral wall surface oMhe p^ton r^^beJ 3 d^i„?,H '"""""^ °' '«™™9™«c material is fitted on 
.he predetermined magnetism-responsi^ ubs" , In su7a reT'^"'"' ' '° ^ » 
member 3 defining ihe inner space 5 m=„ ^TZi^T .1' PenP^eral wall surface of the piston 

10 good eleotrie conductivi^,. ' '""P*^ P™^'"* «'^"«i«n -responsive substance 1 1 of 

En,he^c:•|teS;::^o':^h^™^^^^^^^^ "^""^'^^ "^'^^^ « P«-'-al relationship 

matic external view holg an a^^^^^^^^ ' \ -^»<"--'- -^^^ is a 

the magnetism-responsive substance ? (Ihe Z pX^LTs!^^^^^ ^° ^'«' 

'5 2B is a sectional view taken along the axis oZ^ilT^o T- ^' "^'S- ^ • 

circuit associated with the coil sectbn la The lit «c^?o inl,^^?. , " ?'f ? '"""'"^ an electric 

same characteristics, such as the same numbeT^fCs "nd ft™ T ^' ^^'^ "^'"^ 

along the direcUon of the linear movement Jt^e pfeZ melt a T.h ^T' ^'^^ ^ei"antially or in series 
(retracting) direction, the rod^haped sensolemberT^^^^^^ ^ ™^ the contnicting 

» responsive substance 11 forming the innrp^rbhe^l walllulcJ^^^^^^ cyimdrically-shaped magneUsn; 

that the magnetism-responsive Lbstanca 1 1 Tni^^ r^ L ^ '""^^ '"^'^ ^ '"^ P'«'°" -"ember 3, so 

sectionio. In the illustrated «lpte ^ tte maonlfen^ rt "^^^^^ r^"'"' °' "'^ o' '^a coil 

sedion ,0, namely, rightwarTinrCS^^nL tor^^^^^ 

tion, the tip 1 1 a of the magnetism-responsive suZnM 1 ?IZ!l^h ""f? ^ *^ ""'^^'=""9 "'^c- 

» enters the respective magnetic fields of t^e other »rL8 and ml "'"^""•'"'en 
dash line 1 1' in Fig. 2B depicts the maannflm 1 . sequentially In the order mentioned. A dot-and- 

netic field of the last coil (S 's co« n t Zr^D l^^,^"; ' ' """'''''^ ""^^ » ^' - '^t 

together constitute Ihe efltetive dete^™ ™n™ nf ^ ' ""responding to the four coils LA. LB. LC and U) 

is represented by K. "eXTh^ deSo ^oe ^.rf 7 1''''"'"'- '"^^ »»colb 

' detecting accraiy. In effeSs to^kS a ooc^i.l°J^H' mk "^^^-^ «-« 

Of the effective delecting range is not u^dt^dl,Si™n« "T'?"^' *^ °PPP=»^ 

of the eflecUve detecting range is a lirshort* ,hr^^^^ 

S!Ib. Lc^nrr^roro^r: rgne^Td?;^^^^^^^ 

responsive substance 11 is lo«ted 5^X 01^^^^^^^^ TZ"T "^anetisnv 

moves Closer to or further intoThrma^^erfleld o !^ magnetism-responsive substance 11 

a voltage between the oppo^te e-^a oTfte d™, „ f ^^"-'"''"='^"ce of the coil decreases: thus, 

substance 1 1 is displaceLm on^nd to the^l-^,^ ' ^^^^ magnetism-responsive 
netism-responsive substance 1? is forSa k '? ""'T' ''''=""=^">'' "•^^'^ "-ag- 
ery of the coil which has c^me t^ be suTunld bv^ lotr^'' "^'^ ""'^^ P^^Ph- 

having so lar concentrated solely a' "gnet c^rreT'^^^ '^'^ ' ' « "•«9"e«c "ux. 

magnetism-TBsponsive subslan<i 1 1 . "'"^ '" "S""' "^^l^ «° *e 

Where the magnetism-resp^nsle sullst^nce lis fom^^^^^^^^ T " '° »» case 

stance covers the outer peripher^Xc^,ULh,3rcIl^^^^^^^ 

11 and thus an eddy-cumnt l,»^^uV^lT.ur ™^,^t^^^ 

decrease. The useof the ellc^^^^L'"^ ^^^^^^^^^^^ '"^ self-inductance of the coil to 

able because the rate of the inductance d^lT^!^^lT ™™ P™'*^" 

substance is greater that the rate oZTin^^ T ^ eddy<urrenl loss in the coil-surrounding conductive 
ing magnetic sutetance ""^^^ '"'Snetic flux leaKage to the ciil-surrou.^ 

iriterm*n:;rgi;^U'\c:^^^^^^^^ 

voltages between,heXXopZee?d::^°^^^^^^^^^ - ^-C- Power supply'lz' 

"VC and "VD" resDertiv^iv ar.H tZ. ' denoted in the figure by "VA" "VB- 

readily und^^tolXtrL^'TLi^-n^^^^^^^ 

replaced by just a single continuous coa dMded i„Tol7^e„Z T^i^^^^^^^ ''^ ™^ ^« 

rsarr:u=:rn;r^^^^^^^^ 

.he.aps.and,Sfunc..ns^as.e<»l,Lrror:;ta:;^^^^^^^^ 
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ered. in predetermined combinations, to two analog arithmetic operation circuits 20 and 21 . in which they are subjected 
to an addition and/or subtraction based on predetermined mathematical expressions as will be later described in detail. 
Thus, these analog arithmetic operation circuits 20 and 21 produce two A.C. output signals of amplitudes that present 
sine and cosine function characteristics (i.e.. two A,C. output signals having amplitude function characteristics phase- 
5 shifted from each other by 90*) con-esponding to a cun-ent position of the object to be detected. For illustration pur- 
poses, the output signal from the analog arithmetic operation circuit 20 is denoted by sinSsinrnt while the output signal 
from the other analog arithmetic operation circuit 21 is denoted by cosesincot . The analog arithmetic operation circuits 
20 and 21 comprise operational amplifiers 0P1. 0P2 and resistor circuits RSI. RS2. 

[00241 As mentioned earlier, as the magnetism-responsive substance 1 1 moves closer to or further into the mag- 
to netic field of any one of the coils, the self-inductance of the coil decreases, and thus the voltage between the opposite 
ends of the coil decreases progressively during displacement of the tip 11a of the substance 1 1 firom one end to the 
other of the coil. Here, because the coils LA. LB, LC and LD are placed in series along the displacement direction of the 
to-be-detected object, progressive variations in the respective voltages VA, VB. VC and VD of the coils LA, LB. LC and 
LD will occur sequentially, as illustratively shown in part (A) of Fig. 3. as the magnetism-responsive substance 1 1 moves 
15 relative to the colls LA. LB. LC and LD in response to the displacement of the object to be detected. In part (A) of Fig. 
3, a slope in each of the curves, indicative of the output voltages VA, VB. VC and VD from the coils LA, LB, LC and LD, 
represents a region where the tip 1 1a of the magnetism-responsive substance 1 1 is moving from one end toward the 
other of the coil in question. Typically, a progressive variation curve of the voltage between the opposite ends of the coil, 
which takes place during the movement of the magnetism-responsive substance 1 1 from the coil's one end to the other. 
20 can be likened to a functional value variation within a 90** range of the sine or cosine function. Thus, by appropriately 
combining the output voltages VA. VB. VC and VD from the individual coils LA, LB, LC and LD and performing an addi- 
tion and/or subtraction between the combinations, it is possible to produce two A.C. output signals sinOsinot and 
cosesincot of amplitudes that present sine and cosine function characteristics con-esponding to a cun-ent position of 
the object to be detected. 

25 [0025] More specifically, the analog arithmetic operation circuit 20 can provide an A.C. output signal indicative of an 
amplitude curve of the sine function characteristic as shown in part (B) of Fig. 3, by performing arithmetic operations on 
the output voltages VA, VB, VC and VD from the coils LA. LB, LC and LD in accordance with Expression (1) below; the 
A.C. output signal from the analog arithmetic operation circuit 20 can be represented equivalently by "sineslnwt". 

30 (VB - VA) - (VD - VC) - Vo Expression (1 ) 

Note that "Vo" represents a reference voltage con^sponding to a minimum Inductance value obtained when the mag- 
netism-responsive substance 1 1 has covered the entirety of one of the colls and this reference voltage Is used here to 
offset the output voltage to a zero level. 
35 [0026] Further, the other analog arithmetic operation circuit 21 can provide an A.C. output signal indicative of an 
amplitude curve of the cosine function characteristic as shown in part (B) of Fig. 3, by performing arithmetic operations 
on the output voltages VA. VB. VC and VD from the coils LA, LB, LC and LD in accordance with Expression (2) below; 
the A.C. output signal from the analog arithmetic operation circuit 21 can be represented equivalently by "cosGsincot". 

40 VA + (VB - VC) + (Vp - VD) - Vo Expression (2) 

Note that "Vp" represents a reference voltage corresponding to a maximum inductance value obtained when the mag- 
netism-responsive substance 1 1 is not located sufficiently close to any one of the coils and this reference voltage is 
used here to offset the output voltage VD. Considering temperature drifts, generation of the reference voltages Vo and 
45 Vp had better be can-ied out using a suitable dummy coil so that these voltages Vo and Vp may be generated with the 
same temperature drift characteristics as those of the coils LA. LB. LC and LD. However, any other suitable temperature 
compensation means may of course be employed. 

[0027] Phase angle 9 in the sine and cosine functions, which are amplitude components of the Individual A.C. out- 
put signals, corresponds to the cun-ent position to be detected, and a phase angle 0 within the 90" range con-esponds 
50 to the length K of one of the coils. Thus, the effective detecting range of the 4K length con-esponds to a 0* to 360" range 
of the phase angle 6. Therefore, every position within the effective detecting range of the 4K length can be detected in 
an absolute value by detecting such a phase angle 6. 

[0028] Now. an explanation is given below about compensation of the temperature characteristics. Impedance of 
the individual coils varies with a change in temperature, and such an impedance variation results in variations in the out- 
55 put voltages VA, VB, VC and VD from the individual coils. For example, as illustrated in part (A) of Fig. 3, each of the 
output voltages VA. VB. VC and VD would vary to increase or decrease in one direction, relative to a solid-line curve, 
as depicted by dotted line. However, in the A.C. output signals sinBsincot and cosGsincot of the sine and cosine func- 
tion characteristics, obtained by the additive and subtractive syntheses of the output voltages, the variations would 
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appear as positive and negative amplitude variatfons as shown by dotted lines in contradistinction with solid-line curves 
in part (B) of Fig. 3. If an amplitude coefficient A is used, they can be represented by AsinBsinot and AcosOsincol , and 
this amplitude coefficient A will vary with the ambient temperature. The amplitude coefficient variation appears similarly 
in the two A.C. output signals. As apparent from this, the amplitude coefficient A representative of temperature charac- 
teristics does not influence the phase angle Q in the sine and cosine functions. This means that compensation of the 
temperature drift characteristics has been duly achieved automatically in the Instant embodiment without influencing 
the phase angle 6 in the individual sine and cosine functions, and thus high-accuracy position detection can be provided 
by the position detector device. Further, the temperature drift compensation can be made by forming a conductive coat- 
ing, such as copper plating, on the outer periphery of each of the magnetic rods 8 functioning as the magnetic cores of 
the coll section 10, as set forth above. More specifically, although the conductive coatings on the magneUc rods 8 act 
to reduce the inductance of the magnetic circuit due to the eddy-cun-enl loss generated therein, the eddy-current loss 
In the conductive coaUngs decreases to cause the inductance of the magnetic circuit to increase relatively as the coil 
impedance increases, for example, in response to a temperature increase (which, however, would involve a decrease 
in the self-inductance), which thus can compensate for the temperature drifls of the coil inductance. For the same rea- 
sons, a similar temperature drift compensation effect can be provided by using a more or less conductive substance as 
the non-magnetic metal of the bobbin section 6. 

[0029] Every stroke position within the effective detecting range can be detected in an absolute value by means of 
the phase detection circuit (or amplitude-to-phase converting means) 22 which detects the phase component 9 of the 
amplitude functions sin9 and cos9 in the A.C. output signals sin9sina)t and cos9sino)t of the sine and cosine function 
characteristics. The phase detection circuit 22 may be implemented such as by using a technique disclosed by the 
assignee of the present application in Japanese Patent Laid-open Publication No. HEI-9-126809 (corresponding to U.S. 
Patent No.5.7 10.509). For example, an A.C. signal sinGcostot Is generated by electrically shifting the first A.C. output 
signal sinBsinot by 90'. and two A.C. signals sin(o)t+e) and sin((at-8) phase-shifted In a phase-advancing or phase- 
delaying direction In accordance with 6 (i.e.. signals having their phase components 8 converted into A.C. phase shifts) 
are generated by additively and subtractively synthesizing this signal sin9cos(ot and the second A.C. output signal 
cosesinoat , in such a manner that data indicative of a detected stroke position (stroke position detecting data) can be 
obtained by measuring the phase 9. This phase detection circuit 22 may be implemented either by a dedicated circuit 
in the form of an LSI or by software processing using a CPU, processor, computer or the like. In an alternative, a con- 
ventionatly-known R-D converter normally used for processing a resolver output may be used as the phase detection 
circuit 22. Detection of the phase component 9 in the phase detection circuit 22 may be performed by an analog process 
using an integration circuit and the like, rather than by a digital process. Alternatively, digital detecting data indicative of 
a rotational position 8 may be generated by a digital phase detection process and tiien analog detecting data indicative 
of the rotational position 8 may be obtained by converting the digital detecting data into analog representation. Of 
course, the A,a output signals sinOsincot and cosOsintot from the arithmetic operation circuits 20 and 21 may be out- 
; put directiy without being processed by the phase detection circuit 22, in which case the detection circuit 22 may be 
omitted. 

[0030] If there is a linear con-espondence between the phase angle 9 and the position x of the object to be detected, 
the amplitudes in the A.C. output signals sinBsinmt and cosBsincot of the sine and cosine function characteristics will 
not present real sine and cosine function characteristics, as shown in (B) of Fig. 3. However, the phase detection circuit 

I 22 carries out the phase detection process on these A.C. output signals sinesinwt and cosGslnot as apparently hav- 
ing real sine and cosine function characteristics. As a result of this phase detection process, the detected phase angle 
8 will not present linearity with respect to the position x of the object to be detected. In detecting the position, however, 
the non-linearity between the detection output data (detected phase angle 9) and the actual position of the object to be 
^ detected does not matter very much. Namely, It Is only necessary to be able to perform the position detection with pre- 

; determined repetitive reproducibility. Further, if necessary, the output data from the phase detection circuit 22 may be 
converted into other data fbmi by use of an appropriate data conversion table so that accurate linearity can be readily 
provided between the detection output data and the actual position of the object to be detected. Accordingly, the "A.C. 
output signals sin9sinQ)t and cos9sino)t having amplitude characteristics of the sine arid cosine functions" referred to 
in connection with the present invention need not necessarily present real sine and cosine function characteristics: In 

) effect, they may be something like those of a triangular waveform, as illusti-atively shown in (B) of Fig. 3, as long as they 
present such tendencies. In other words, it is only necessary that the sine and cosine functions In the present Invention 
be periodic functions similar to U-igonometric functions such as a sine function. In the IllusU-ated example of (B) of Fig. 
3. if the horizontal axis represents the phase angle 8 and has given non-linear calibrations, even a function, apparently 
appearing as a triangular waveform when the horizontal axis calibrations are assumed to represent the positions x. can 

! be said to be a sine or cosine function with respect to the phase angle 9. 

[0031] Variation range of the phase component 9 of the amplitude functions sin9 and cos9 in the A.C. output sig- 
nals sinBsinojt and cos9sina)t of sine and cosine functions need not necessarily be the full 0° - 360" range as in the 
above-described embodiment and may be a narrower angular range. In which case the coil construction can be signif- 
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icantly simplified. In the case where the effective detecting range can be narrowed, the detectable phase range may be 
any appropriate range less than 360". There are various other cases where the detectable phase range can be any 
appropriate range below 360' depending on the intended purpose of detection, so thai the narrower effective detecUng 
range can be applied to any one of such cases as appropriate. 

10032] Fig. 4 is a sectional view showing a modified arrangement of the magnetism-responsive substance 1 1 . The 
inner space 5 of the piston member 3 is shaped to have a diameter progressively increasing in a direction toward an 
outlet opening thereof. Consequently, the magnetism-responsive substance 1 1 formed on the inner peripheral wall sur- 
face of the piston member 3 defining the inner space 5 is slanted in such a manner that the radial distance of the sub- 
stance 1 1 from the sensor member 4. i.e. the coil section 10. progressively increases in a direction toward the tip 11a. 
The slanted range of the magnetism-responsive substance 11 may have an axial length substanUally equal to the 
length K. The radial distance of the magnetism-responsive substance 1 1 from the coil section 10 varies in accordance 
with the slant, which causes a smooth or nonlinear inductance change: that is, the inductance change In the coil section 
10, responsive to the movement of the tip 1 la of the magnetism-responsive substance 1 1 . can be made to have smooth 
or nonlinear progressively-decreasing characteristics. 

[0033] Fig. 5 is a sectional view showing another or second embodiment of the stroke sensor in accordance with 
the present invention, which is an-anged in such a manner that as the magnetism-responsive substance 1 1 of the piston 
member 3 moves along the outer periphery of the coil section 10 toward the rear {right in the figure) end of the coil sec- 
tion 10. the coil inductance increases progressively. Namely, in this case, the bobbin section 60 is made of a nonmag- 
netic material while the magnetism-responsive substance 1 1 formed on the inner peripheral wall surface of the piston 
member 3 defining the inner space 5 is made of a ferromagnetic material. With this arrangement, as the magnetism- 
responsive substance 1 1 moves closer to or further into the magnetic field of any one of the colls in the coil secUon 10 
due to the contracting stroke of the piston member 3, the self-Inductance of the coil Increases, and thus the voltage 
between the opposite ends of the coil Increases progressively during the displacement of the lip of the substance 1 1 
from one end to the other of the coil. In the stretching (projecting) stroke of the piston member 3. reverse operation to 
the above-mentioned takes place. 

[0034] Further, in the illustrated example of Fig. 5. the coil section 10 further includes auxiliary coils La and Lp 
before and after the coils LA. LB, LC and LD corresponding to the effective detecting range. The coil section 10 Includes 
these six coils LA, LB, LC. LD and La. L^. each having same characteristics, such as the same number of turns and the 
same coil length, an-anged sequentially along the direction of the linear movement of the piston member 3. The auxiliary 
coils La and LP are provided here in order to accurately acquire cosine function characteristics and thus may be dis- 
pensed with if very high detecting accuracy is not required. 

[0035] In the embodiment of Fig. 5. the relative positional relaUonship between the coil section 1 0 and the magnet- 
ism-responsive substance 1 1 varies in response to a changing stroke position of the piston member 3 in substantially 
the same manner as in the first embodiment of Fig. 1 . Namely, as the piston member 3 moves in the contracting (retract- 
ing) direction, the cylindrlcally-shaped magnetism-responsive substance 1 1 forming the inner peripheral wall surface of 
the piston member 3 causes the rod-shaped sensor member 4 to be introduced deeper into the inner space 5 of the 
piston member 3. so that the magnetism-responsive substance 1 1 sequentially enters the respective magnetic fields of 
the coils of the coil sectionlO. in the illustrated example of Fig. 5. as the magnetism-responsive substance 11 moves 
toward the rear end of the coil section 10. namely, rightward in the figure, in response to the movement of the piston 
section 3 in the contracting direction, the tip of the magnetism-responsive substance 1 1 first enters the magnetic field 
of the auxiliary coil La. then enters the respective magnetic fields of the other coils LA. LB, LC and LD, and finally enters 
the magnetic field of the auxiliary coil Lp. However, in this embodiment, the bobbin section 60 is made of a nonmagnetic 
material with no magnetic material contained therein while the magnetism-responsive substance 11 formed on the 
inner peripheral vrall surface of the piston member 3 defining the inner space 5 is made of a ferromagnetic material as 
noted eariier. so that as the magnetism-responsive substance 11 moves closer to or further into the magnetic field of 
any one of the colls, the self-inductance of the coil increases and thus the voltage between the opposite ends of the coil 
increases progressively during displacement of the tip of the substance 1 1 from one end to the other of the coll. 
[0036] Fig 6 shows an example of electric connection of the coil section 10 in the embodiment shown In Fig. 5. The 
individual coil segments La. LA, LB. LC. LD and LP are excited, at a constant voltage or cun^nt. by a predetermined 
single-phase A.C. signal {"sina^t ") generated by an A,C. power supply 12. Voltages between the respective opposite 
ends (between-lerminal voltages) of these coil segments La. LA. LB. LC. LD and LP are denoted here by W. "VA", 
"VB". "VC", "VD- and "VP". respectively, and intermediate output terminals or taps 13 - 19 are provided to teke out these 
voltages Va. VA. VB. VC.'vD and Vp. As In the above-described embodiment, the coil segments La, LA. LB, LC. LD 
and LP need not necessarily be physically-separated coils, and they may be implemented by just a single continuous 
coil divided into six coil lengths or portions by the intermediate teps 13-19; that is. the coil portion between the teps 1 3 
and 14 functions as the coil segment La. the coil portion between the teps 14 and 15 functions as the coil segment LA. 
the coil portion between the taps 15 and 16 functions as the coil segment LB. the coil portion between the teps 16 and 
17 functions as the coil segment LC. the coil portion between the teps 17 and 18 functions as the coil segment LD. and 
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the coil portion between the taps 18 and 19 functions as the coil segment Lp. The output voltages Va, VA, VB. VC, VD 
and vp from the individual coil segments are delivered. In predetermined combinations, to two analog arithmetic oper- 
ation circuits 20 and 21, in which they are subjected to an addition and/or subtraction based on predetermined mathe- 
matical expressions. Thus, these analog arithmetic operation circuits 20 and 21 produce two A.C. output signals 
5 sinesinwt and cosOsinrnt of amplitudes that present sine and cosine function characteristics corresponding to a cur- 
rent position of the object to be detected. 

[0037] With the above-described an-angements. as the magnetism-responsive substance 1 1 moves closer to or fur- 
ther or deeper into any one of the coils, the self-inductance. I.e. Impedance, of the coil increases, and thus the voltage 
between the opposite ends of the coil increases progressively during displacement of the tip of the magnetism-respon- 

10 sive substance 1 1 from one end to the other of that coil. Here, because the coils La, LA. LB, LC, LD and Lp are arranged 
in series along the displacement direction of the object to be detected, progressively increasing (progressively decreas- 
ing) variations in the respective voltages Va, VA. VB, VC. VD and vp of the coils La. LA, LB, LC. LD and LP will occur 
sequentially, as illustratively shown in part (A) of Fig. 7. as the magnetism-responsive substance 1 1 moves relative to 
the coils In response to the displacement of the object to be detected. In part (A) of Fig. 7. a slope in each of the curves, 

IS indicative of the output voltage from any one of the coils, represents a region where the tip of the magnetism-responsive 
substance 1 1 is moving from one end toward the other of the coil in question. Typically, the progressively-increasing var- 
iation curve of the voltage between the opposite ends of the coil, which takes place during the movement of the tip 11 a 
of the magnetism-responsive substance 1 1 from the coil's one end to the other, can be likened to a functional value var- 
iation within a 90" range of the sine or cosine function. Thus, by appropriately combining the output voltages Vo, VA. 

20 VB, VC, VD and Vp from the coils La, LA. LB, LC. LD and LP and performing an addiUon and/or subtraction between 
the combinations, rt is possible to produce two A.C. output signals sinesinwt and cosesinat of amplitudes that present 
sine and cosine function characteristics corresponding to a current position of the object to be detected. 
[0038] More specifically, the analog arithmetic operation circuit 20 shown In Fig. 6 can provide an A.C. output signal 
presenting an amplitude curve of the sine function characteristic as shown in part (B) of Fig. 3. by performing arithmetic 

25 operations on the output voltages VA. VB, VC and VD from the coils LA. LB, LC and LD In accordance with Expression 
(3) below; the A.C. output signal can be represented equivalently by "sinesinwt *. 

(VA - VB) + (VD - VC) Expression (3) 

30 [0039] Further, the other analog arithmetic operation circuit 21 shown in Fig. 6 can provide an A.C. output signal 
presenting an amplitude curve of the cosine function characteristic as shown in part (B) of Fig. 7, by performing arith- 
metic operations on the output voltages Va. VA. VB, VC, VD and Vp from the coils La. LA, LB, LC. LD and Lp in accord- 
ance with Expression (4) below. Although the amplitude curve of the cosine function characteristic as shown in part (B) 
of Fig. 7, in effect, presents a minus cosine function characteristic, i.e., "-cosGsinot ", the amplitude curve con-esponds 

35 to the cosine function characteristic since It presents a 90" shift relative to the sine function characteristic. Therefore, 
ttiis can be said to be an A.C. output signal of the cosine function characteristic, which can be represented equivalenUy 
by "cosOsinoDt". 

(VA - Va) + (VB - VC) + (Vp - VD) Expression (4) 

40 

Note that tiie following mattiematical expression may be used instead of Expression (4) above: 

(VA - Va) + (VB - VC) - VD Expression (4') 

45 [0040] The A.C. output signal --cosSsincot " of the minus cosine function characteristic evaluated by Expression (4) 
may be electrically phase-inverted by 180° to thereby actually generate a signal of "cosOsintot " for use as the A.C. out- 
put signal of the cosine function characteristic. However, in a situation where the A.C. output signal of the cosine func- 
tion characteristic is used by a phase detection circuit 22 at a succeeding stage for a subtractive arithmetic operation in 
the form of "- cosGsincot the A.C. output signal "-cosGsinojt " of the minus cosine function characteristic can of course 

50 be used just as it is. Aiso note that Uie A.C. output signal "cosSsinot" of the actual cosine function characteristic can 
be generated by performing the following mathematical expression instead of Expression (4): 

(VA - Va) + (VC - VB) + (VD - vp) Expression (4") 

55 [0041] The phase angle 8 in the sine and cosine functions, which are the amplitude components of the individual 
A.C. output signals, corresponds to a current position of the object to be detected, and the phase angle 8 within a 90" 
range corresponds to the length K of each one of the coils. Thus, the effective detecting range of the 4K length corre- 
sponds to a phase angle 8 in the range of 0" to 360". Therefore, every position within ttie effective detecting range of 
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the 4K length can be detected in an absolute value by detecting such a phase angle 8. 

(0042] Compensation of the temperature drift characteristics in the embodiment of Fig. 5 is also achieved in the 
same manner as in the embodiment of Fig. 1 . The temperature drift characteristics are as illustrated in part (A) of Fig, 
7 and each of the output voltages would vary to increase or decrease in one direction as depicted by dotted line m con- 
tradistinction to a solid-line curve. However, in the A.C. output signals sinOsincot and cosSsinut of the sme and cosine 
function characteristics, obtained by the additive and subtractive syntheses of the output voltages, the variations would 
appear as positive and negative amplitude variations as shown by dotted lines in contradistinction with solid-line curves 
in part (B) of Fig. 7. If an amplitude coefficient A is used, the A.C. output signals can be represented as AsinGsmmt and 
Acosesincot respectively, and it is this amplitude coefficient A that varies in response to a change in ambient temper- 
ature. As may be clear from this, the amplitude coefficient A indicative of the temperature characteristics does not influ- 
ence the phase angle 6 in the sine and cosine functions. Thus, in the present embodiment, temperature characteristics 
can be duly compensated in an automatic fashion, to thereby achieve high-accuracy position detection. 
[0043] Every position of the object to be detected can be detected as an absolute value by the phase detection cir- 
cuit (or amplitude-to-phase converting means) 22 measuring the phase component 8 of the amplitude functions sin 8 
and C0S8 inthe A.C. output signals sinOsinoat and cosSsintot of the sine and cosine functions. 
[0044] Fig. 8 is a schematic sectional side view showing other examples of the coil section 10 and magnetism- 
responsive substance 1 Mn this case, the coils La. LA-LD and LP are spaced from each other with a pitch K as in the 
example of Fig. 5, but each of the coils is smaller in length than that in the examples of Figs. 1 and 5. Namely, the adjoin- 
ing coils La. LA-LD and LP need not be so close to each other as in the examples of Figs. 1 and 5 and may be spaced 
from each other as appropriate. The inner space 5 of the piston member 3 is shaped to have a diameter progressively 
increasing in a direction toward an outlet opening Uiereof. Consequently, the magnetism-responsive substance 11 
formed on the inner peripheral wall surface of the piston member 3 defining the inner space 5 is slanted in such a man- 
ner that the radial distance of the substance 1 1 from the sensor member 4, I.e. coil section 10, progressively increases 
in a direction toward the tip 11a. The slanted range of the magnetism-responsive substance 1 1 has an axial length sub- 
stantially equal to the length K. In accordance with the slant of the magnetism-responsive substance 11 . the radial dis- 
tance or gap size of the substance 1 1 relative to the coils progressively varies so that smooth inductance vanations 
occur in the coils. Namely, the coil inductance variations responsive to the movement of the tip 1 1 a of the magnetism- 
responsive substance 11 can have smooth, progressively-increasing (or progressively-decreasing) characteristics. Of 
course, even in the case where Uie coils La. LA-LD and LP are placed close to each other as in the examples of Figs. 
1 and 5. the magnetism-responsive substance 1 1 may be formed to be slanted over a predetermined range from its tip 
1 la as shown in Fig. 8. as previously set out in relation to Fig. 4. Further, even where the magnetism-responsive sub- 
stance 1 1 fbrmed on the inner peripheral wall surface of the piston member 3 has no slanted portion as in the examples 
of Figs. 1 and 5. the adjoining coils La. LA-LD and Lp can be spaced from each other as appropriate as shown in Fig. 8. 
[00451 As a further modified example, each of the coils in the coil section 10 may comprise a plurality of separate 
coil segments. Fig. 9 shows an exemplary arrangement of the separate coil segments, in which one coil LA is com- 
posed of four spaced-apart coil segments LAI. LA2. LAS and LA4 together covering the length of K. These coil seg- 
ments LAI. LA2. LA3 and LA4 are connected in series with each other to produce a between-terminal voltage VA of the 
coil LA. In this case, the coil segments LAI . LA2. LA3 and LA4 may be either identical to or different from each other In 
the number of coil turns. Further, the coil segments LAI. LA2. LA3 and LA4 may be spaced apart at uniform or non- 
uniform intervals as desired. 8y employing different numbers of coil turns and non-uniform intervals between the coil 
segments (non-linear arrangements), etc.. there can be produced impedance variations with characteristics closer to a 
sine or cosine function curve, which can lessen the above-mentioned non-linearity between a detected phase angle 8 
and an actual distance (position) of the object to be detected. Similarly, even where the coils La. LA-LD and LP are 
located close to each other as In the example of Figs. 1 and 5. the number of coil turns over the length K of tiie coil in 
question may be made uniform or non-uniform between the coil segments depending on the region within the length K. 
This arrangement also can produce impedance variations with characteristics closer to a sine or cosine function curve, 
which can lessen the above-mentioned non-linearity between a detected phase angle 8 and an actual distance (posi- 
tion) to be detected, c u- u 
[00461 Figs 1 0A and 1 0B show modifications of the placement of the coils in the coil section 1 0 of Fig. 5. which are 
I intended to prevent cross-talk between every adjoining coils and thereby enhance the detecting accuracy. In the modi- 
fication of Fig 10A. the coils La, LA-LD and LP are spaced from each other via magnetic spacers 31 . so as to prevent 
spreading of the magnetic flux produced from the individual coils: namely, the magnetic flux from each of the coils fol- 
lows a path denoted at O in the figure, along which it flows out from the interior of the coil, then passes a nearest end 
(i e the position of the magnetic spacer 31). outer periphery of the coil and another nearest end (i.e.. the position of 
? another magnetic spacer 31 ). and then returns to the interior of the coil. Such an arrangement effectively prevents the 
undesired cross-talk between the coils, which can greatly improve responsiveness (impedance variations) of the indh 
vidual coils with respect to the presence of the magnetism-responsive substance 1 1 moving close to the outer penph- 
ery of the coils, thereby enhancing the detecting accuracy Whereas only one magnetic spacer 31 is disposed between 
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every adjoining coils in ttie example of Fig. IDA, two magnetic spacers 31a and 31b, slightly spaced from each other, 
may be disposed between every adjoining coils as Illustrated in Fig. 10B. In the example of Figs. IDA and 10B. a non- 
magnetic body may be used as a coil bobbin section 60 and a magnetic member such as a thin wire may be inserted 
in the center of the bobbin section 60 so as to facilitate a flow of the magnetic flux. The modifications of Figs. 10A and 

5 1 0B is also applicable to the embodiment of Fig. 1 . 

{0047] In each of the above-described embodiments of the present invention, the magnetism-responsive substance 
1 1 may be formed by combining a magnetic material and an electric conductor, I.e. as a hybrid of opposite characteris- 
tics, rather than being formed of only one of the magnetic material and electric conductor. Further, the magnetism- 
responsive substance 1 1 may comprise a permanent magnet, and the coils of the coil section may contain an iron core. 

10 For example, the bobbin section 6 may have a magnetic rod 8 as shown in Fig. 1, and the permanent magnet used as 
the magnetism-responsive substance 1 1 may be a ring-shaped permanent magnet having an axial length at least equal 
to the coil length K. In such a case, as the permanent magnet, functioning as the magnetism-responsive substance 11. 
approaches any one of coils due to the movement of the piston member 3. a portion of the iron core having come close 
to the permanent magnet of the piston member 3 gets magnetically saturated or supersaturated, which results in a drop 

IS in the between-terminal voltage of the coil. Thus, even in the case where the permanent magnet is used as the mag- 
netism-responsive substance 11. there takes place the same behavior as in the case where a nonmagnetic electric 
conductor is used as the magnetism-responsive substance 11; that is, the between-terminal voltage of the coil Is 
caused to progressively decrease during displacement of the magnetism-responsive substance 11, I.e. the permanent 
magnet, from one end to the other of the coil. 

20 [0048] Further, whereas each of the embodiments has been described above in relation to the stroke sensor which 
produces two AC. output signals sin 6 sin cot and cosGsincot having amplitude characteristics of sine and cosine func- 
tions (i.e., the so-called resolver-type stroke sensor producing two-phase output signals), the present invention is not 
so limited and may be designed to produce three or more A.C. output signals that have amplitude characteristics of 
three or more trigonometric functions presenting predetermined phrase dlffierences (e.g.. sine* sina>t, 

25 sin(8 - 120") • sincot and sin(9 - 240") • sincot ). 

10049] It should also be appreciated that in each of the embodiments, the number of the coils may be two or three 
or more than 4; just two or three coils will suffice in the case where the variation range of the phase component 8 of the 
amplitude functions in the AC. output signals can be a range of about 90* or ISO*' rather than the full 360" range. 
10050] As a modification of the present invention, the coils may be excited in plural phases using two-phase A.C. 

30 signals (e.g.. sincot and coscot), just as in conventional detector apparatus based on the phase-shift-type position 
detecting principles, so as to produce an A.C. output signal phase-shifted by a phase angle 0 corresponding to a stroke 
position to be detected (e.g.. sin((i)t * 6) ). For this purpose, two coll groups may be provided in parallel to each other, 
and these two coils are supplied with two A.C. signals of two different phases (e.g., sinoat and coscot ). respectively, in 
such a manner that all the coils in each of the coil groups are excited by one of the A.C. signals. In such a case, an out- 

35 put cos9sincot is produced by performing analog arithmetic operations on the output from one of the coil groups while 
an output sinBcoscot is produced by performing analog arithmetic operations on the output from the other coil group, 
and then there can be obtained a phase-shfted A.C. output signal sin(tDt ••■ 8) by performing addition or subtracUon 
between the two outputs. 

[0051] Furthermore, in each of the above-described embodiments, the positional relationship between the coil sec- 
40 tion 10 and the magnetism-responsive substance 1 1 may be reversed; that Is. the coll section 10 may be provided In 
the inner space 5 of the movable member. Le. the piston member 3, and the magnetism-responsive substance 1 1 may 
be fixed to the sensor member 4. 

[0052] Moreover, the inventive stroke sensor described in relation to the prefen-ed embodiments may be applied to 
any apparatus for detecting a stroke position of a movable member other than the fluid-pressure cylinder, such as appa- 
45 ratus for detecting a spool position of a spool valve. Further, the inventive stroke sensor may be constructed as a large- 
size, heavy-duty detector apparatus in conformity with the size of an apparatus to which the stroke sensor Is applied, or 
may be constructed as a compact stroke position detector apparatus. 

[0053] In summary, the present invention having been described so far only requires primary coils and can elimi- 
nate a need for secondary coils, so that the present invention can provide a stroke sensor of simplified and inexpensive 

so structure which can be readily reduced In size. Further, the present Invention is characterized in that a plurality of the 
coil segments are arranged in series along the displacement direction of the object to be detected and variations In 
characteristics of the coil segments, i.e. progressively increasing (or progressively decreasing) variations in the respec- 
tive between-terminal voltages of the coil segments, occur sequentially as the tip of the magnetism-responsive sub- 
stance moves from one end to the other of any one of the coils. Thus, by taking out the respective between-tenninal 

55 voltages of the coil segments and then combining them through addition and/or subtraction therebetween, there can be 
readily produced a plurality of A.C. output signals that present respective amplitudes of predetermined cyclic function 
characteristics (e.g., two AC. output signals that present respective amplitudes of sine and cosine function character- 
istics) in response to a current position of the object to be detected; thus, a wider available phase angle range can be 
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provided by the present invenUon. For example, the present invenUon permits detection over the full 0" - 360" phase 
angle range, as described above. Further, by detecting, from a correlation between the amplitude values in the plurality 
of A.C. output signals, phase values in the predetermined cyclic funcUons (e.g.. sine and cosine functions) defining the 
amplitude values, the present invention achieves high-resolution detection even when displacement of the object to be 
detected Is very minute. 



Claims 



A stroke sensor for detecting a stroke position of a movable member (3) linearly movable relative to a body (2) 
within a space formed In said body, characterized in that said stroke sensor comprises: 

a sensor member (4) having one end supported in a cantilever fashion adjacent a predetermined end of said 
body (2) and having another end extending into the space of said body {2), said movable member (3) having 
an Inner space (5) formed therein to permit entry of said sensor member (4) into said movable member (3); 
a coil section (10) having a plurality of coil segments (LA - LD) excitable by a predetermined A.C. signal and 
sequenUally arranged along a direction of linear movement of said movable member (3), said coil section (10) 
being provided on one of said sensor member (4) and an Inner peripheral wall of said movable member (3) 
defining said inner space (5); and 

a magnetism-responsive substance (11) provided on other of said sensor member (4) and the inner peripheral 
wall of said movable member (3) defining said Inner space (5) in such a manner that said magnetism-respon- 
sive substance (1 1) is movable relative to said coll section (10), wherein relative positions of said magnetism- 
responsive substance (1 1) and said coil section (10) vary In accordance with a stroke position of said movable 
member (3), in response to which respective inductance of said coil segments (LA - LD) are caused to vary in 
such a manner that during movement of said magnetism-responsive substance (11) from one end to anotiier 
of a particular one of said coil segments (LA - LD). a voltage across the particular coll segment is caused to 
progressively decrease or increase. 



2. A stroke sensor as claimed in claim 1 which further comprises an arithmetic operator (20, 21) that takes out the 
respective voltages of said coil segments and performs addition and/or subtraction between the voltages of said 
coil segments to thereby generate an A.C. output signal presenting a particular amplitude based on a predeter- 
mined cyclic function characteristic In accordance with the stroke position of said movable member (3). 

3. A stroke sensor as claimed in claim 2 wherein said arithmetic operator (20. 21) generates a plurality of A.C. output 
signals presenting particular amplitudes based on predetermined cyclic function characteristics in accordance with 
the stroke position of sard movable member (3). and the cyclic function characteristics defining respective ones of 
the amplitudes of the plurality of A.C. output signals comprising cyclic functions of a same characteristic which are 
shifted from each other by a predetermined phase amount. 

4. A stroke sensor as claimed in claim 3 which furtiier comprises an amplllude-to-phase conversion section (22) that 
receives the plurality of A.C. output signals generated by said arithmetic operator (20. 21) and detects, from a cor- 
relation between amplitude values In the plurality of A.C. output signals, particular phase values in the predeter- 
mined cyclic functions defining the amplitude values, to generate data indicative of the position of said movable 
member to be detected on Uie basis of the detected particular phase values. 

5. A sti-oke sensor as claimed in claim 3 or 4 wherein said plurality of A.C. output signals include an A.C. output signal 
presenting an amplitude of a sine function characteristic in accordance with the stroke position of said movable 
member (3) and an A.C. output signal presenting an amplitude of a cosine function characteristic in accordance 
with the stroke position of said movable member. 



6. A stroke sensor as claimed in anyone of claims 1 - 5 wherein said coll section (1 0) is pn^vlded on said sensor mem- 
ber (4) and said magnetism-responsive substance (11) is provided on the inner peripheral wall of said movable 

member (3) defining said inner space (5). 

7. A stroke sensor as claimed in claim 6 wherein said sensor member (4) includes a bobbin section (6) containing a 
magnetic substance (8) and each of said coil segments of said coil section Is fitted in said bobbin section. 

8. A stre>ke sensor as claimed in claim 7 wherein said bobbin section (6) includes a cylindrical portion made of a non- 
magnetic material, and one or more magnetic rods (8) received within said cylindrical portion. 
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9. A stroke sensor as claimed in ctaim 6 or 7 wherein said magnetic substance or each of satd one or more magnetic 
rods has an electrically-conductive coating formed thereon, 

1'^°.? "^^^""^ ® ""^""^^f '"c'"<*es a core rod having said coll section 

fitted therein, and a magneUc spacer (31; 31a. 31b) interposed between opposed ends of each adjoining pair of 
said coil segments (LA -LD). 

11. A stroke sensor as claimed in daim 6 wherein a material of said movable member (3) itself comprises said maq. 
netism-responsrve substance (11). 

12. A stroke sensor as claimed in any one of claims 1-11 wherein said magnetism-responsive substance (1 1 ) Includes 
at least one of a magnetic material and an electrically-conductive material. 

13. A stroke sensor as claimed in any one of claims 1 - 12 wherein said coil section (LA -LD) comprises substantially 
a single coil extending along the direction of linear movement of said movable member, and a plurality of output ter- 
minals (14 - 18) are provided at predetermined intermediate positions of the single coil so that said plurality of coil 
segments (LA -LD) are formed by said single coll. 
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